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BACKGROUND OF THE INVENTION 
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1. FIELD OF THE INVENTION: 

The present invention relates to a method for 
efficiently producing a useful foreign protein in a 
plant. The present invention also relates to a method 
for expressing a foreign protein in a plant so as to 
provide the plant with a new property, and to the breed- 
ing of a plant. More specifically, the present invention 
relates to a plant containing a gene encoding an anti- 
bacterial peptide derived from a Diptera insect and which 
confers resistance to bacterial and fungal pathogens. 
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2. DESCRIPTION OF THE RELATED ART: 

15 In the past, it has been reported that when a 

foreign gene is introduced into the nucleus of a plant 
cell, the productivity of a peptide, which is a foreign 
gene product, is at most 0.1% to 0.3% of the total pro- 
teins. Particularly, in the case where the product of 

20 the foreign gene is a small peptide (hereinafter, re- 

ferred to as 11 a short peptide") with a molecular weight 
of 7,000 or less, the product is likely to be degraded in 
a plant and is difficult to be accumulated in a great 
amount. Thus, there has been a demand for a method for 

25 efficiently expressing a short peptide. 



When a foreign gene is introduced and expressed 
in a plant, a constitutive promoter, which is constantly 
expressed, such as the CaMV 35S promoter is mostly used. 
30 However, some possibilities are considered; for example, 
this expression method using the constitutive promoter 
may impose a burden at least on the plant's ability to 
produce a protein and the expressed protein may adversely 
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affect the plant. In fact, attempts to produce a protein 
encoded by a gene that affects the growth of a plant, 
such as a gene involved in the synthesis of a plant 
hormone, often result in failures. This adverse tendency 
is especially outstanding when one attempts to increase 
the productivity of the protein encoded by the gene 
introduced into the plant. 

On the other hand, a study has been made on a 
technique for introducing a gene encoding an anti-bacte- 
rial peptide into a plant and expressing the anti-bacte- 
rial peptide so as to provide the plant with resistance 
to bacteria. In particular, it has been disclosed in 
Japanese Laid-Open Patent Publication No. 7-250685 that 
Sarcotoxin la, which is an anti-bacterial peptide derived 
from a Diptera insect, was expressed in a plant in such 
a manner that the plant obtained anti-bacterial proper- 
ties. However, since a short peptide such as Sarcotoxin 
la is expected to be unstable in plants, it is necessary 
to stabilize the peptide by producing it as a fusion 
protein with PR-la which is an pathogenesis related 
protein of tobacco. 

Furthermore, no plants have been discovered that 
produce an anti-bacterial peptide derived from a Diptera 
insect having anti-fungal activity, and confer resistance 
to pathogenic fungi . 

SUMMARY OF THE INVENTION 

According to the present invention, a plant which 
confers resistance to pathogenic fungi, includes a gene 
encoding an anti-bacterial peptide. 
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In one embodiment of the present invention, the 
pathogenic fungi are Rhizoctonia solani, Pythium 
aphanidermatum, and Phytophthora infestans. 

In another embodiment of the present invention, 
the anti-bacterial peptide is derived from the Diptera 
insect . 

In another embodiment of the present invention, 
the anti -bacterial peptide derived from the Diptera 
insect is Sarcotoxin la. 

In another embodiment of the present invention, 
a gene encoding the anti -bacterial peptide derived from 
the Diptera insect is introduced into a plant in a form 
selected from the group consisting of: a recombinant gene 
containing the gene encoding the anti-bacterial peptide 
derived from the Diptera insect; an expression cassette 
in which the recombinant gene is bound to a plant promot- 
er; and an expression vector composed of the expression 
cassette and a drug resistant gene linked to a plant 
promoter which is constitutively expressed. 

In another embodiment of the present invention, 
the recombinant gene which encodes the anti -bacterial 
peptide derived from the Diptera insect is bound to a 
plant gene via a hinge region of tobacco chitinase. 

In another embodiment of the present invention, 
the Sarcotoxin la is bound to a signal sequence of a 
plant protein. 

In another embodiment of the present invention, 
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the plant promoter is the inducible promoter of the 
tobacco PR-la gene* 

In another embodiment of the present invention, 
the expression cassette has a terminator derived from the 
tobacco PR- la gene. 

In another embodiment of the present invention, 
the expression vector further has a T-DNA region and a 
drug resistant gene. 

In another embodiment of the present invention, 
the drug resistant gene is expressed by the Cauliflower 
mosaic virus 35S promoter. 

According to the present invention, a plant with 
resistance to pathogenic bacteria, includes a gene 
selected from the group consisting of: a recombinant gene 
in which a gene encoding an ant i -bacterial peptide is 
bound to a plant gene via a hinge region of tobacco 
chitinase, an expression cassette in which the recombi- 
nant gene is bound to a plant promoter, and a gene 
having the expression cassette and a drug resistance gene 
linked to a plant promoter which is constitutively 
expressed. 

In one embodiment of the present invention, the 
pathogenic bacteria is Pseudomonas syringae pv. tabaci or 
Erwinia carotovora subsp. carotovora. 

In another embodiment of the present invention, 
the anti-bacterial peptide is Sarcotoxin la derived from 
a Diptera insect . 
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According to the present invention, a recombinant 
gene, in which a gene encoding an anti-bacterial peptide 
is bound to a plant gene via a hinge region of tobacco 
chitinase gene, is provided. 

In one embodiment of the present invention, the 
gene encoding an anti-bacterial peptide is a gene encod- 
ing an anti-bacterial peptide derived from the Diptera 
insect . 

In another embodiment of the present invention, 
the anti-bacterial peptide derived from the Diptera 
insect is Sarcotoxin la. 

In another embodiment of the present invention, 
an expression cassette, in which the above-mentioned 
recombinant gene is bound to a plant promoter, is provid- 
ed. 

In another embodiment of the present invention, 
an expression vector for introducing the above-mentioned 
expression cassette into a plant is provided. 

According to the present invention, a plant which 
confers resistance to pathogenic fungi and bacteria, 
includes a gene encoding a peptide which has anti-fungal 
and anti-bacterial activity. 

The gene encoding the fusion protein of the 
present invention was introduced into a plant with the 
expression vector and expressed. As a result, the fusion 
protein was constitutively produced, and the productivity 
thereof increased by the induction of salicylic acid or 
the like. In addition, the fusion protein was cleaved at 
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its linked site by the proteolytic activity of an uniden- 
tified protein which was induced by salicylic acid and 
TMV infection. This led to the induction of producing 
the respective free proteins from the fusion protein. 

5 

By using the recombinant gene, the expression 
cassette, or the expression vector of the present inven- 
tion, a foreign protein can be constitutively produced as 
a fusion protein and the respective free proteins can be 
10 produced. Furthermore, the anti-bacterial peptide is ex- 
pressed as a fusion protein with a plant gene by the 
method of the present invention, and thus, it is possible 
to obtain a plant which confers resistance to pathogenic 
fungi as well as pathogenic bacteria* 



** 15 

|j Thus, the invention described herein makes 

possible the advantages of ( 1 ) increasing the stability 
of a target foreign protein (peptide) in a plant by 
fj£ expressing the foreign protein as a fusion protein with 

^ 20 other proteins; (2) providing an expression cassette or 

%! an expression vector containing the expression cassette, 

wherein the expression cassette expresses a recombinant 
gene encoding the fusion protein at a constitutively 
constant level, and the expression level inductively 
25 increases, thereby increasing the productivity of a 

foreign protein in a plant; (3) cleaving proteins once 
expressed as a fusion protein at its fusion site under an 
induced condition to produce the respective free pro- 
teins; (4) providing a plant transformed by using the 
30 expression cassette or expression vector; and 
(5) providing a plant which confers resistance to patho- 
gens by using a protein having anti-bacterial and anti- 
fungal activity. 
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These and other advantages of the present inven- 
tion will become apparent to those skilled in the art 
upon reading and understanding the following detailed 
description with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 shows a plasmid pPR-y having a genomic 
clone of the tobacco PR-la gene. 



Figure 2 shows a sequence of a primer SPR-la31. 



Figure 3 shows a sequence of a primer TPR-la51. 

Figure 4 shows sequences of primers MSARCOSi and 
MSARC031, respectively. 

Figure 5 shows a sequence of a primer MSARC031. 

Figure 6 schematically illustrates the construc- 
tion of a recombinant gene of the present invention. 

Figure 7 shows the binary vectors pTRA415 and 
25 pTRA415(R). 

Figure 8 shows the plasmids PSS, PSP, and PST10 
used in the present invention. 

30 Figure 9 shows the production of Sarcotoxin in a 

plant transformed with PSP and PST10. The fusion protein 
is detected by western blotting using the anti-Sarcotoxin 
antibody or the anti-PR-la antibody. 
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Figure 10 shows the resistance against P. syri- 
ngae pv. tabaci infection in a transgenic plant. 

Figure 11 shows the resistance against E. caroto- 
5 vora subsp. carotovora infection in a transgenic plant. 

Figure 12 shows an anti-Fusarium oxysporum F-3 
activity of Sarcotoxin la in vitro. 

10 Figure 13 shows an ant i -Rhi zoctonia solani AG-4 

1272 activity of Sarcotoxin la in vitro. 

Figure 14 shows an anti-Rhizoctonia solani 
activity of Sarcotoxin la in vitro. 



15 



Figure 15 shows the resistance against 
Phytophthora infestans infections in a transgenic plant. 



20 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Hereinafter, the present invention will be 
described in detail. 

25 The present invention relates to a recombinant 

gene in which a foreign gene is linked to a plant gene 
via a hinge region of tobacco chitinase, an expression 
cassette in which a plant promoter is linked to a recom- 
binant gene, and an expression vector for introducing 

30 this expression cassette into a plant. 



The term "plant" as used herein includes monocot- 
yledon and dicotyledon. Examples of particularly prefer- 
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able plants include tobacco, citrus fruit, Chinese 
cabbage, lettuce, peach, rice, potato, tomato, barley, 
wheat, and apple. 

5 The term "plant promoter" as used herein refers 

to a promoter expressed in a plant . Examples of the 
plant promoter include, but are not limited to, promoters 
whose expression is induced by a certain kind of stress, 
e.g., the promoter of an pathogenesis related protein PR- 

10 la of tobacco (hereinafter, referred to as "the tobacco 
PR-la promoter"), the Cauliflower mosaic virus 35S 
promoter (hereinafter, referred to as "the CaMV 35S 
promoter"), the promoter of nopaline syntase, and the 
like. An enhancer can be used for high expression. As 

15 the enhancer, an enhancer region containing a sequence 
upstream of the 35S promoter is preferable. A plurality 
of enhancers can be used. 

The term "plant gene" as used herein refers to a 
20 gene of a plant. As the plant gene, any genes can be 
used. Preferably, examples of the plant gene include an 
pathogenesis related protein PR- la gene of tobacco. 
However, the plant gene is not limited thereto. 

25 The term "hinge region of tobacco chitinase" as 

used herein refers to a region partitioning different 
functional regions (i.e., a chitin binding region and a 
catalytic region) in a tobacco chitinase protein (H. 
Shinshi et al . , Plant Mole. Biol. vol. 14, pp. 357-368 

30 (1990)). Due to the presence of the hinge region of 

tobacco chitinase at a link portion between plant genes, 
it is expected to prevent steric hindrance of each 
protein. 
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The term "foreign gene" as used herein refers to 
a gene encoding a protein that is heterogenous to a host 
plant* As the foreign gene, genes of plants, genes of 
microorganisms such as bacteria and yeast, genes of 
5 insects, genes of animals, and the like can be preferably- 
used. When pathogen resistant plants are bred, a gene 
encoding an anti-microbial peptide can be used as a 
foreign gene. Examples of such a foreign gene include, 
but are not limited to, genes encoding an anti-bacterial 

10 peptide derived from a Diptera insect. As the anti- 
bacterial peptide derived from the Diptera insect, 
Sarcotoxin la derived from Boettherisca peregrina, 
Sapecin, or an anti-fungal peptide are preferable. 
However, the anti-microbial peptide is not limited there- 

15 to. A fusion protein can also be secreted when a signal 
sequence is added to a foreign gene introduced into an 
expression cassette. 

Conventional gene recombinant techniques can be 
20 used for producing the above-mentioned recombinant gene 
in which a foreign gene is linked to a plant gene via a 
hinge region of tobacco chitinase. 

The term "expression cassette" as used herein 
25 refers to a nucleic acid sequence in which the recombi- 
nant gene and various regulatory elements regulating the 
expression of the recombinant gene, e.g., a promoter, an 
enhancer, and the like are operably linked to each other 
in a host cell in such a manner that the recombinant gene 
30 may be expressed. The expression cassette can be con- 
structed in accordance with a conventional method. An 
appropriate promoter, e.g., the tobacco PR-la promoter is 
linked to the recombinant gene. The tobacco PR- la promo- 
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ter is known to be inducible and expressed at a high 
level. More preferably, a terminator can be linked to 
the recombinant gene . 

The term "terminator" as used herein refers to a 
sequence which is involved in the termination of tran- 
scription of DNA into mRNA and the addition of a poly A 
sequence, and which is positioned downstream of a region 
of a gene encoding a protein. The terminator is known to 
be involved in the stability of mRNA and affect the 
expression level of a gene. Although not limited, 
examples of the terminator include a Cauliflower mosaic 
virus 35S terminator, a terminator of the nopaline 
syntase gene, and a terminator of the tobacco PR-la gene. 
It has been confirmed that the terminator of the tobacco 
PR-la gene increases expression efficiency of a gene. 

The term "expression vector" as used herein 
refers to a type of vector transferring the expression 
cassette to a host cell. It is well-known to those 
skilled in the art that the type of an expression vector 
and the kind of a regulatory element to be used can vary 
depending upon a host cell. The expression vector of 
the present invention can further have a T-DNA region and 
a drug resistant gene. 

It is desirable that the drug resistant gene 
enables a transgenic plant to be easily selected. As the 
drug resistant gene, the neomycin phosphotransferase II 
(NPTII) gene, a hygromycine phosphotransferase gene, and 
the like are preferably used. 

Although not limited, examples of the promoter 
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expressing the drug resistant gene include the above- 
mentioned plant promoters such as the tobacco PR- la 
promoter, the CaMV 35S promoter, and the nopaline syntase 
promoter, and the like. Preferably, the CaMV 35S promo- 
5 ter which is constitutively expressed at a high level is 

used. When the inducible tobacco PR- la promoter is used 
as a promoter for allowing the expression cassette to 
express a foreign gene, the inducible PR- la promoter is 
constitutively expressed under the effect of the CaMV 35S 

10 promoter, and the expression level of the PR- la promoter 

is increased by salicylic acid or the formation of 
necrotic lesions caused by pathogen infection. The 
reason for this is as follows: The CaMV 35S promoter and 
the PR- la promoter are positioned adjacent to each other, 

15 so that the properties of the PR- la promoter are affected 

by a cis-element on the 35S promoter. 



gy As a vector used for constructing an expression 

fiy vector, a pBI-type vector, a pUC-type vector, or a pTRA- 



20 type vector are preferably used. The pBI-type vector can 



introduce an expression cassette into a plant through a 
binary vector-type or intermediate vector-type Agrobacte- 
rium. Examples of the pBI-type vector include pBI121, 
pBHOl, pBI101.2, pBI101.3, and the like. The pUC-type 

25 vector can introduce an expression cassette directly into 
a plant. Examples of the pUC-type vector include pUC18, 
pUC19, pUC9, and the like. Herein, a pTRA-type binary 
vector (Ohshima et al., Plant Cell, vol. 2, pp. 95-106 
(1990)) can be preferably used. This expression vector 

30 includes an expression cassette containing a fusion gene 
with a region (T-region) which may be introduced into a 
plant, and the NPT gene which is expressed under the 
control of the CaMV 35S promoter as a marker gene. 
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In the case where the expression vector of the 
present invention has a T-region, the structure of the T- 
region has the following characteristics: 

(1) The expression cassette containing a foreign gene on 
the right side of the T-region can be positioned in such 
a manner that, when the expression vector is mobilized 
from Agrobacterium to a plant, the foreign gene to be 
introduced into the plant is mobilized, followed by the 
marker gene transfer. Because of this, the transgenic 
plants, selected based on their drug resistance, are 
highly likely to contain a foreign gene; and 

(2) The CaMV 35S promoter controlling the expression of 
the marker gene and the PR-la gene promoter controlling 
the expression of the foreign gene are positioned adja- 
cent to each other. Although normally the use of the PR- 
la promoter is hardly expected to allow the expression of 
a foreign gene under non-induced conditions, the arrange- 
ment of the CaMV 35S promoter and the PR-la promoter 
allows a constitutive expression to occur (presumably 
under the effect of the CaMV 35S promoter) and allows a 
high expression level . 

When the PR- la promoter is used, the expression 
vector induces the expression of a foreign gene at a high 
level by salicylic acid or the formation of necrotic 
lesions caused by pathogen infection. 

The expression vector of the present invention 
can be produced by using gene recombinant techniques 
known to those skilled in the art. 
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Methods known to those skilled in the art can be 
used for introducing a recombinant gene, an expression 
cassette, or an expression vector into a plant cell. 

5 The expression cassette or the expression vector 

obtained in the above-manner is introduced through 
Agrobacterium or directly into a cell. As the method 
using Agrobacterium, for example, a method of Nagel et 
al. (Microbiol. Lett., 67, 325 (1990)) can be used. 
10 According to this method, for example, Agrobacterium is 
first transformed with an expression vector by electropo- 
ration, and then transformed Agrobacterium is introduced 
into a plant cell by a method described in the Plant 
Molecular Biology Manual (S.B. Gelvin et al., Academic 
15 Press Publishers). As the method for directly introduc- 
ing ing an expression cassette or an expression vector into 

a cell, an electroporation method and a gene gun method 
Jj can be suitably used. 

Hi 

% 20 The cells, introduced into an expression cassette 

%jj or an expression vector, are then subjected to a selec- 

tion process based on drug resistance such as kanamycin 
resistance. Thereafter, the cells can be regenerated as 
a plant by a conventional method. 

25 

In order to confirm the expression of a foreign 
gene in the transgenic plant, a method well known to 
those skilled in the art can be used. For example, a 
soluble protein can be extracted from the transgenic 
30 plant; the extracted protein is separated by SDS-PAGE as 
described in Analytical Biochemisty 166, 368-379 and 
transferred to a PVDF membrane. Then, the protein is 
immunologically detected, whereby the expression of the 
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protein is confirmed. 

It can be determined whether or not a plant 
transformed with a gene encoding an anti -bacterial 
peptide derived from a Diptera insect of the present 
invention confers resistance to pathogenic bacteria in 
the following manner* Leaves of a transgenic plant and 
those of a control plant are inoculated with bacterial 
pathogens by using a bundle of needles* The size of 
necrotic lesions and the changes in color of the leaves 
are observed after an appropriate period of time (after 
6 days in the present invention) and the degree of 
disease symptom is determined based on the size of 
necrotic lesions and the changes in color of the leaves. 
Examples of the bacterial pathogens include P. syringae 
pv. tabaci and E. carotovora subsp. carotovora, and the 
like. 

It can be determined whether or not a plant 
transformed with a gene encoding an anti-bacterial 
peptide derived from a Diptera insect of the present 
invention confers resistance to pathogenic fungi in the 
following manner. Transgenic plants and control plants 
are self -pollinated, respectively and the seeds thus ob- 
tained are germinated under drug resistance selection to 
obtain young plants. Agar media, in which the respective 
young plants are grown, are inoculated with bacterial 
pathogens and green individuals which still exist after 
an appropriate period of time of inoculation are judged 
as resistant plants. Examples of the fungal pathogens 
include Fusarium oxysporum F-3, Rhizoctonia solani, 
Rhizoctonia solani AG-4 1272, Pythium aphanidermatum, and 
the like. 
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As one embodiment of the present invention, a 
recombinant gene will be described, in which a plant gene 
(e.g., the tobacco PR-la protein gene) is linked to an 
anti-bacterial peptide derived from a Diptera insect 
5 (e.g., a gene of Sarcotoxin la) as a foreign gene via a 

hinge region . 



Sarcotoxin la is a peptide which widely exhibits 
anti-bacterial properties to bacteria. It has been con- 
10 firmed that Sarcotoxin la is introduced into a tobacco 
plant to allow a plant which confers a certain resistance 
to bacterial pathogens to be produced ( Japanese Laid-Open 
Patent Publication No. 7-250685). However, since a short 
|il peptide such as Sarcotoxin la is expected to be unstable 

jyf 15 in a plant, it is required to stabilize the peptide by 

|y producing it as a fusion protein with PR- la which is 

!L pathogenesis-specif ic protein of tobacco. The hinge 

III region of tobacco chitinase partitions different func- 

J|f tional regions (a chitin binding region and a catalytic 

20 region) in a tobacco chitinase. Due to the presence of 
the hinge region of tobacco chitinase at a link site 
between tobacco PR-la proteins, it is expected to prevent 
steric hindrance of peptide. Furthermore, a signal se- 
quence of the tobacco PR- la protein is added to an N- 
25 terminal of a fusion protein, whereby the fusion protein 
can be secreted. As a result, anti-microbial properties 
of a plant against pathogens are expected to improve. 
This is because the secretion of the fusion protein into 
the interstices of plant cells may prevent damage against 
30 the plant cells and may prevent bacterial pathogens from 
invading through the cell interstices. 



Hereinafter, the present invention will be 
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described by way of illustrative examples. A restriction 
enzyme, a plasmid, and the like used in the following 
examples are available from Takara Shuzo Co., Ltd. and 
Toyobo Co . , Ltd . 

5 

Example 1 : Construction of a recombinant gene and an 
expression cassette 

A recombinant gene in which a foreign gene is 
linked to a plant gene via a hinge region of tobacco 
10 chitinase was constructed in the following manner. The 

construction method will be described with reference to 
Figure 1 . 

(1) Preparation of a P+S PR-la fragment (a DNA frag- 
15 ment having a sequence encoding a part of the PR- la 
promoter and the signal peptide of the PR-la protein) 
■L A region of the PR-la promoter (3* portion from 

fjj an Xhol site) and a sequence encoding a signal peptide 

were amplified, using a plasmid pPR-y (M. Oshima et al., 

r-fl 

Jjg 20 FEBS Letters vol. 255, pp. 243-246 (1987)) having a 

genomic clone of the tobacco PR- la gene shown in Figure 1 
as a template, thereby obtaining a DNA fragment (P+S PR- 
la fragment). The P+S PR-la fragment was obtained by PCR 
using Pfu polymerase (Stratagene, La Jolla, CA), and 

25 primers PR-la51 ( SEQ ID NO. 1) and SPR-la31 ( SEQ ID NO. 

2). Although the primer SPR-la31 has a sequence comple- 
mentary to the sequence encoding a signal peptide of the 
PR-la gene, its base is partially substituted as shown in 
Figure 2. By substitution of the base, a restriction 

30 enzyme Pstl site is newly introduced; however, there is 
no change in the amino acid sequence of the signal 
peptide. 
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(2) Preparation of a TPR-la fragment (a DNA fragment 
having a terminator region of the PR-la gene) 

Using the plasmid pPR-y having a genomic clone of 
the tobacco PR- la gene shown in Figure 1 as a template, 
a DNA fragment (TPR-la fragment) having a terminator 
region of the PR-la gene was obtained. The TPR-la frag- 
ment was obtained by amplifying the terminator region of 
the PR-la gene by PCR, using primers TPR-la51 (SEQ ID NO. 
3) and BKSBE (SEQ ID NO. 4). The TPR-la51 has a sequence 
homologous to the 3 1 end of cDNA for Sarcotoxin la on a 
5 1 end and further has a recognition sequence of SacI 
immediately downstream its stop codon. Also, a base is 
partially substituted immediately upstream the stop 
codon, as shown in Figure 3. By this substitution of the 
base, a restriction enzyme PmaCI recognition site is 
newly introduced; however, there is no change in the 
amino acid sequence of Sarcotoxin la. On the other hand, 
the primer BKSBE has a sequence homologous to a sequence 
from an EcoRI site to a BamHI site of a vector portion of 
pPR-y* This sequence is adjacent to a 3 1 end of a 
portion corresponding to the terminator of the PR- la gene 
of the pPR-y* 

(3) Preparation of an HMPR-la fragment (a DNA frag- 
25 ment having a hinge region of the tobacco chitinase and 

a region encoding the mature PR- la protein ) 

Using the plasmid pPR-y having a genomic clone of 
the tobacco PR- la gene shown in Figure 1 as a template, 
a DNA fragment (HMPR-la fragment) having a region encod- 
30 ing the mature PR-la protein was obtained. The HMPR-la 
fragment was obtained by amplifying a region of the PR- la 
gene encoding a mature protein by PCR, using primers 
HMPR-la51 (SEQ ID NO. 5) and MPR-la31 (SEQ ID NO. 6). 



10 
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<fF=* 



30 



The 5 f end of HMPR-la51 has a sequence identical to a 
PmaCI site and a 12-base sequence adjacent to the PmaCI 
site of TPR-la51. Furthermore, the primer HMPR-la51 has 
a sequence identical to a region encoding a hinge region 
of tobacco chitinase at its 3' end. 

Furthermore, the primer MPR-la31 has a recogni- 
tion site of a restriction enzyme SacI added thereto 
immediately downstream the stop codon at the 3 ? end. 



(4) Preparation of an MSARCO fragment (a DNA fragment 
having a region encoding a mature peptide of Sarcotoxin) 
Using a known plasmid pT019 (N. Matsumoto et al., 
BioChem. J., 239, 717 (1986)) containing cDNA of Sarcot- 
15 oxin la as a template, a DNA fragment (MSARCO fragment) 

having a region encoding a mature peptide of Sarcotoxin 
was obtained. The MSARCO fragment was obtained by 
|y amplifying a region encoding the mature peptide of 

^ Sarcotoxin by PCR using primers MSARCO 51 ( SEQ ID NO. 7) 

J 20 and MSARC031 (SEQ ID NO. 8). The sequences of the 

^ primers MSARCO 51 and MSARC031 are shown in Figures 4 and 

5, respectively. The primer MSARCO 51 has a sequence at 
5' end homologous to a PstI site of SPR-la31 and a 14- 
base sequence adjacent to the PstI site. In the 
25 MSARC031, the recognition site of the restriction enzymes 

PmaCI and SacI are introduced adjacent to a sequence 
complementary to a region encoding a stop codon, as 
shown in Figure 5. The restriction enzyme site was 
introduced in the same manner as TPR-la51. 



(5) Preparation of an MSARCO-TPR fragment (a DNA 
fragment in which the MSARCO fragment is linked to the 
TPR-la fragment ) 



# 
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The MSARCO DNA fragment obtained in the above 
process (4) and the TPR-la fragment obtained in the above 
process (2) were amplified by a recombinant PCR method 
using the primers MSARC031 and BKSBE , thereby obtaining 
5 an MSARCO-TPR fragment. 

( 6 ) Preparation of a recombinant gene ( connection of 
a P+S PR-la fragment, an HMPR-la fragment, and an MSARCO- 
TPR-la fragment) 
10 The P+S PR- la fragment obtained in the above 

m process (1), the HMPR-la fragment obtained in the above 

Ip process (3), and the MSARCO-TPR-la fragment obtained in 

|~ the above process (5) were cloned into plasmids pUC18, 

Iff respectively. Each of the plasmids was named pUC P+S PR- 

J 15 la, pUC H MPR-la, and pUC MSARCO-TPR-la (see Figure 6). 

||j It was confirmed by using a sequencing kit and a sequence 

analyzing apparatus (Applied Biosystem) that sequences of 
III interest were correctly inserted into these plasmids. 

BJ DNA which was cloned into the plasmid pUC18 and in which 

m 

h p 20 a sequence was confirmed to be correct was used as a 

%f material for gene recombination. SEQ ID NO. 7 shows the 

sequence of a terminator portion of PR-la which has been 

sequenced. 

25 Hereinafter, the preparation of the recombinant 

gene of the present invention will be described with 
reference to Figure 6 . 

First, a portion upstream (on the side of the 5 1 
30 end) of an Xhol site in the PR-la promoter region in the 
pPR-y was digested with EcoRI and Xhol restriction 
enzymes. The resultant fragment of about 1.6 kb was 
purified with the Gene Clean Kit manufactured by BiolOl. 
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The above purified fragment of about 1.6 kb was inserted 
into the plasmid pUC P+S PR-la having the P+S PR-la frag- 
ment, which was previously digested with EcoRI and Xhol 
restriction enzymes* The resulting plasmid (pUC P+C 
5 PR(2.4)) contains the full-length PR-la promoter and a 
DNA region encoding the PR-la signal sequence as inserts. 
This plasmid has a cassette of the tobacco PR-la promoter 
which may be removed by digestion with an EcoRI restric- 
tion enzyme . 

10 

^ The pUC MSARCO-TPR-la was digested with a PstI 

restriction enzyme, and the DNA fragment corresponding to 
the MSARCO-TPR-la was purified. This DNA fragment was 
inserted into a PstI site of pUC P+S PR(2.4). Among the 

fl 15 plasmids thus obtained, a plasmid (pUC P+S PR(2.4) 

if* 

|y MSARCO-TPR-la) in which the DNA fragment was correctly 

^ inserted in the direction of P+S PR-la-MSARCO-TPR-la was 

ly selected. The plasmid has a cassette (cassette PSS) of 

i& a gene encoding a non-fusion expressible Sarcotoxin, 

ifi 

20 controlled by the tobacco PR-la promoter. This cassette 



may be removed by digestion with EcoRI . 

Then, an H MPR-la portion was isolated from the 
plasmid pUC H MPR-la using PmaCI and SacI restriction 

25 enzymes. On the other hand, the pUC P+S PR(2.4) MSARCO- 

TPR-la was digested with PmaCI and SacI restriction 
enzymes, and the H MPR-la portion was inserted into this 
site (pUC P+S PR- la (2.4) MSARCO H MPR-la TPR). The 
plasmid has a recombinant gene in which a foreign gene, 

30 i.e., the gene for the Sarcotoxin la, which is an anti- 
bacterial peptide derived from a Diptera insect, is 
linked to a plant gene, i.e., the tobacco PR-la gene via 
a hinge region of tobacco chitinase. Furthermore, the 
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plasmid has a recombinant gene encoding a fusion protein 
Sarcotoxin la-PR-la controlled by the tobacco PR-la 
promoter * When digested with EcoRI, an expression 
cassette (cassette PSP) for expressing a recombinant gene 
of the invention may be removed. This cassette consists 
of P+S PR-la(2.4) MSARCO H MPR-la TPR, encoding an ex- 
pressible fusion protein Sarcotoxin la-hinge-PR-la under 
the control of the tobacco PR- la promoter. 

Example 2: Construction of an expression vector 

A binary vector pTRA415 (Figure 7) ( Ohshima et 
al., Plant Cell, vol. 2, pp. 95-106 (1990)) has a se- 
quence in which the NPT gene is inserted within a Bglll- 
Bglll fragment downstream of the CaMV 35S promoter. The 
pTRA415 was digested with Bgl.II, ligated with ligase, and 
then introduced into E. coli JM109 . A plasmid (pTRA415- 
(R)) was selected among transf ormants, in which the 
Bglll-Bglll fragment of the pTRA415 was inserted in an 
opposite direction. The plasmid pTRA415(R) has the NPT 
gene controlled by the CaMV 35S promoter as a marker gene 
in a T-region and has a unique EcoRI site on the right 
side of the NPT gene. When a foreign gene is introduced 
into this EcoRI site, the marker gene is mobilized after 
the foreign gene is mobilized in a plant. 

The plasmid pUC P+S PR-la(2.4) MSARCO TPR (plas- 
mid expressing a non-fusion Sarcotoxin) was digested with 
EcoRI to remove the cassette PSS. The cassette PSS was 
inserted into the EcoRI site of the plasmid pTRA415(R). 
A plasmid PSS was selected from the resulting plasmids, 
in which the PR-la promoter of the inserted expression 
cassette was inserted so as to be next to the CaMV 35S 
promoter of the marker gene. 



# 
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Similarly, the plasmid pUC P+S PR-la(2.4) MSARCO 
H MPR-la TPR (plasmid expressing a fusion Sarcotoxin-PR- 
la protein) was digested with EcoRI to remove a cassette 
PSP. The cassette PSP was inserted into the EcoRI site 
5 of the plasmid pTRA415(R). A plasmid PSP was selected 
from the resulting plasmids, in which the PR- la promoter 
of the inserted expression cassette was inserted so as to 
be next to the CaMV 35S promoter of the marker gene. 

10 Example 3: Introduction of an expression vector into 

m tobacco 

§3 ( 1 ) Transformation of Agrobacterium tumef aciens 

Agrobacterium tumefaciens was cultured in a 



^3. 



10 



medium containing 250 pg/ml of streptomycin and 50 pg/ml 
15 of rifampicin at 28 °C. A culture medium was prepared in 

accordance with a method of Nagel et al. (Micribiol. 
Lett., 67, 325 (1990)). An expression vector (plasmid 



jfiy PSP) was introduced into the Agrobacterium tumefaciens by 

electroporation. Similarly, the plasmid PSS (vector for 

|fl 

ijj 20 expressing the non-fusion Sarcotoxin) and the plasmid 

% 4 PST10 described in Japanese Laid-Open Patent Publication 

No. 7-250685 were introduced into the Agrobacterium 
tumefaciens by electroporation (This is the vector for 
constitutively expressing a non-fusion Sarcotoxin). Each 
25 of the plasmids PSP, PSS, and PST 10 used in the present 

invention is schematically shown in Figure 8. 

( 2 ) Transformation of tobacco 

Agrobacterium transformed with the plasmid PSP by 
30 the above method was obtained and suspension culture in 
a YEB medium (DNA cloning, vol. 2, p. 78). The culture 
medium was then 20-fold diluted with sterilized water and 
then cocultivated with leaf disks of tobacco (Nicotiana 
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tabacum Samsun NN). After a few days, this mixture was 
transferred to a medium containing antibiotics so as to 
remove the Agrobacterium. The leaf disks were subcult- 
ured in a selection medium once every two weeks. Trans- 
5 formed tobacco cells were selected and regenerated by the 

conventional methods to obtain 29 independent transforma- 
nts . 

Similarly, transf ormants transformed with the 
10 plasmid PSS or the plasmid PST10 were obtained. 

?9 

lp Example 4: Detection of a fusion protein in a transgenic 

X plant by western blotting 

Wl Soluble protein extracts were prepared from a 

U 15 plant transformed with the plasmid PSP, a plant trans- 

if? 53 

|J formed with the plasmid PST10, and a wild-type Samsun NN 

%^ plant, respectively, in the following manner. Four leaf 

fy disks with a diameter of about 7 mm were punched off from 

the tobacco leaves, respectively. Two leaf disks from 

Pi 

*q 20 each tobacco leaf were floated on an aqueous solution of 

NL 0.5 mM salicylic acid and the other two leaf disks 

thereof were floated on distilled water as controls. The 
leaf disks were cultured for two days under this condi- 
tion. Thereafter, these leaf disks were homogenized in 
25 20 pi of 50 mM Na-P0 4 (pH 7.0), 1 mM Na-EDTA, 10 pM A- 

PMSF, 0.5 pg/ml Leupeptin, and 2 mM DTT and centrifuged 
at 10,000 rpm for 10 minutes, respectively, and supernat- 
ants were collected as protein extracts. Then, 2.5 pi 
each of the protein extracts was separated by SDS-PAGE as 
30 described in Analytical Biochemistry 166, 368-379 and 
transferred to a PVDF membrane. Thereafter, bands which 
reacted with anti-Sarcotoxin antibodies were immunologi- 
cally detected. The result of the western blotting is 
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shown in Figure 9, 

In the transgenic plant (PSP plant) obtained by 
transformation with the plasmid PSP, a band which was 
5 considered to be the fusion protein was detected irre- 
spective of whether or not a treatment with salicylic 
acid was carried out. However, the amount of the detect- 
ed fusion protein remarkably increased by the induction 
of salicylic acid. Furthermore, by the treatment with 
10 salicylic acid, a band which was considered to be a free 
m (non- fusion) Sarcotoxin appeared. A band which was 

IB considered to be Sarcotoxin was detected in the PST10 

%i plant, and the band which has same mobility was also 

til detected in the PSP plant. A band reacting with the anti- 

J: 15 Sarcotoxin antibodies was not detected in the Samsun NN 

||y plant. The similar experiment was carried out, except for 

%^ using anti-PR-la antibodies in place of the anti- 

^f Sarcotoxin antibodies. As a result, the band which has 

low mobility seen in the PSP plant were considered to be 
20 recognized even using the anti-PR-la antibodies. Thus, 

the band which has low mobility was considered to be a 
fusion protein. 

Example 5: Resistance against P. syringae pv. tabaci 
25 infection in PSP plants 

Transgenic tobacco leaves and control tobacco 
leaves were scratched at four portions by using a needle 
and were inoculated with a suspension of 2 x 10 7 ml of P. 
syringae pv. tabaci. The similar treatment was carried 
30 out four times with respect to each plant. After six 
days, the degree of disease symptom was determined based 
on the size of necrotic lesions and the changes in color 
of the leaves . 
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The necrotic lesions were evaluated by using the 
following numerical values. 

0 No necrotic sites are recognized. 

1 The diameter of a necrotic site is 3 mm 
or less, 

2 The diameter of a necrotic site is 5 mm 
or less. 

3 The diameter of a necrotic site is 10 mm 
or less. 

4 The diameter of a necrotic site is 10 mm 
or more . 

The etiolated sites were evaluated by using the 
following numerical values. 

0 No etiolated sites are recognized. 

1 Light etiolated sites with a diameter of about 
5 mm are recognized. 

2 Etiolated sites with a diameter exceeding 5 mm 
are recognized. 

3 Etiolated sites with a diameter of 10 mm or 
more are recognized. 

4 Necrotic sites are enlarged with the etiola 
tion of the inoculated sites. 

The result is shown in Figure 10. In some 
transgenic tobacco with the fusion gene, the disease 
symptom caused by P. syringae pv. tabaci was recognized 
30 to be reduced, compared with that in the control plants. 

It is understood that the resistance increased 
more when using the expression cassette of the present 



m 

i'irs 



10 



IP 

ftp- 



20 



25 
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invention than in the case of expressing Sarcotoxin 
above . 

Example 6: Resistance against E. carotovora subsp. 

5 carotovora infection in PSP plants 

Four leaf disks with a diameter of 7 mm were 

punched off from transformed tobacco leaves and control 

tobacco leaves, respectively. Two leaf disks were 

floated on a suspension of 4 x 10 7 ml of E. carotovora 

10 subsp. carotovora and the other two leaf disks were 

w floated on distilled water as control. After three days, 

|p the degree of the disease symptom and the growth of the 

bacteria were determined based on the changes in color of 

|r! the leaves and the changes in turbidity of the Suspen- 

se 

l if : r 15 sion, respectively. The results are shown in Figure 11. 

J. In some transgenic tobacco with the fusion gene 

of this invention, the degree of disease symptom caused 
by E. carotovora subsp. carotovora was reduced, compared 
20 with the control tobacco. Simultaneously, the growth of 

E. carotovora subsp. carotovora was suppressed. 

It was made clear from the above results that the 
introduction of the gene encoding the fusion protein 
25 allows a plant which confers resistance to P. syringae 
pv. tabaci and E. carotovora subsp. carotovora to be 
obtained. 

Example 7: Measurement of an anti-fungal activity of 
30 Sarcotoxin la in vitro 

Sarcotoxin la was measured for an anti-fungal 
activity against Fusarium oxysporum F-3, Rhizoctonia 
solani, and Rhizoctonia solani AG-4 1272. 



■spa- 
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It has not been known if Sarcotoxin la has an 
anti-fungal activity and how to measure the activity. 
Therefore, a pre-culture medium and a test medium were 
variously studied. The pre-culture medium, in which a 
5 lawn may be uniformly enlarged within a short period of 

time, was selected. The test medium, which controls the 
extension of hyphae as much as possible and allows easy 
confirmation, was selected . 

10 (1) Preparation of a plate for detection 

^ The following three kinds of test media were 

IP prepared. 

m 

|p (i) Czapek ? s modified medium (10 g of sucrose, 

!p 15 0.5 g of MgS0 4 *7H 2 0, 2.0 g of NaNQ 3 , 0.01 g of Fe 2 (S0 4 ) 3 , 



if* 



1.0 g of K 2 HP0 4 , 0.5 g of KC1, 15 g of agarose per liter, 

a L pH 6.8 to 7.0; used for Rhizoctonia solani AG-4 1272), 

IP 

ifij (ii) 5-fold diluted PDA medium (7.8 g of Bacto (Trade- 

m mark) Poteto Dextrose Agar, 12 g of agarose per liter; 

J 20 used for Fusarium oxysporum F-3), (iii) Na 2 HP0 4 -NaH 2 P0 4 

%I buffer (15 g/1 agarose, pH 5.8; used for Rhizoctonia 

solani ) . 

The media for detection were autoclaved. When 
25 the media was cooled to 50°C, Sarcotoxin la (synthesized 

by a peptide synthesis and purified to 99% or more by 
HPLC) was added to each medium. Each of the resulting 
media was dispensed into a 12-well microplate at 400 |il 
per well and solidified. The final concentration of 
30 Sarcotoxin la is as shown in Figures 12 to 14. 



(2) Inoculation of pathogenic fungi 
(a) Pre-culture 
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Fusarium oxysporum F-3, Rhizoctonia solani, and 
Rhizoctonia solani AG-4 1272 were respectively pre- 
cultured in a PDA media (39 g/1 Bacto (Trademark) Poteto 
Dextrose Agar) at 22 °C for 2 days. 

5 

(b) Inoculation of pathogenic fungi 
An outermost lawn of each hypha spreading over 
almost the entire surface of the PDA medium of a 9 cm- 
petri dish was punched with a cork borer with a diameter 
10 of 4 mm, and each fungi was placed in the center of a 
well of a test plate in such a manner that the surface of 
the layer faced down. Each test plate for detection was 
kept at 22 °C in the dark. 

15 (c) Assay of anti-fungal activity of Sarcotoxin 

la 

Each test plate inoculated with the above-men- 
tioned pathogenic fungi was measured for the size of each 
hypha growing under transmitted light at established 



20 periods, and the area of each hypha and a standard 

SJ deviation were calculated (see Figures 12, 13, and 14). 

As shown in these figures, anti-fungal properties of 
Sarcotoxin la showed a concentration-dependent manner. 
Thus, Sarcotoxin la was assumed to be effective for 
25 fungi. 



Example 8: Resistance against Rhizoctonia solani infec- 
tion in transgenic tobacco 

Transgenic tobacco with the fusion genes (PSS or 
30 PSP) and tobacco obtained by transformation with 35S-GUS 
as a control were self -pollinated. The resulting seeds 
were plated over media containing 50 pg/ml of kanamycin, 
and about 8 mm-long young plants were obtained after 20 
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m 

*i a 

ay. 



days. Then, 30 young plants of the transgenic tobacco 
and those of the control were uniformly planted respec- 
tively on petri dishes having a diameter of 9 cm contain- 
ing sugar- free MS agar medium (see T. Murashige and F. 
5 Skoog, (1962), A reversed medium of rapid growth and 

bioassays with tobacco tissue cultures, Physiologia 
Plantarum, vol. 15, pp. 473-497) and allowed to stand for 
3 days. Then, the lawn obtained by pre-culturing 
Rhizoctonia solani was cut into 3 mm-chips, and 7 chips 

10 were uniformly placed on agar per petri dish, whereby 
these young plants were inoculated with the Rhizoctonia 
solani. Each petri dish was kept at 22 °C. On the sixth 
day after inoculation, green surviving individuals were 
identified as resistant plants. The result is shown in 

15 Table 1. 

Table 1 

Resistance against Rhizoctonia solani infection detected 
20 in transgenic tobacco 



25 



30 



Plant 



Number of surviving plants 
(Number of healthy plants) 



Control (35S-GUS) 

PSS12 

PSS41 

PSS42 

PSP115 2 

PSP121 

PSP137 



2(0) 

KD 
8(7) 

KD 

4(2) 
2(0) 
2(0) 
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The PSP and PSS transgenic plants showed resis- 
tance to Rhizoctonia solani. In the table, the numerical 
values in brackets show the number of green resistant 
individuals, particularly, the number of individuals 
5 growing vigorously . 

Example 9: Resistance against Pythium aphanidermatum 
infection in transgenic tobacco 

Transgenic tobacco with the fusion genes ( PSS or 
10 PSP) and tobacco obtained by transformation with 35S-GUS 
^ as a control were self -pollinated. The resulting seeds 

I'M 

IS were plated over media containing 50 pg/ml of kanamycin, 

m 

JSI and about 8 mm-long young plants were obtained after 20 

Im 

111 days. Then, 30 young plants of the transgenic tobacco 

m 

J~ 15 and those of the control were uniformly planted respec- 

|y tively on petri dishes having a diameter of 9 cm contain- 

ing an sugar- free MS agar medium and allowed to stand for 
f|j 1 day. Then, the lawn obtained by pre-culturing Pythium 

aphanidermatum was cut into 3 mm-chips, and 7 chips were 



fi 

20 uniformly placed on agar per petri dish, whereby these 

%I young plants were inoculated with the Pythium 

aphanidermatum bacterium. Each petri dish was kept at 
22 °C. On the 14th day after inoculation, green surviving 
individuals were identified as resistant plants. The 

25 result is shown in Table 2. 
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Table 2 



Resistance against Pythium aphanidermatum infection 
detected in the transgenic tobacco 



Plant 



Number of surviving plants 
(number of healthy plants) 



10 



ID 

m 
m 

m 
m 

Es -r 



15 



20 



Control (35S-GUS) 

PSS12 

PSS41 

PSS42 

PSP115 

PSP121 

PSP137 



9(0) 
6(3) 
23(15) 
12(1) 
9(1) 
9(0) 
7(0) 



The PSP and PSS transgenic plants showed resis- 
tance to Pythium aphanidermatum. In the table, the 
numerical values in brackets show the number of green 
resistant individuals, particularly, the number of 
individuals growing vigorously. 



25 Example 10 : Resistance against Phytophthora inf estans 
infection in the transgenic tobacco 

The surfaces of the leaves of a transgenic plant 
and a control tobacco plant were respectively rubbed with 
the back of a small spatula (in the form of a stainless 

30 steel plate with a width of 6 mm) so as to be scratched 

at 6 portions. A flat medium in which the lawn of a pre- 
cultured Phytophthora infestans spread was cut into chips 
with a size of about 3 mm. The chips were placed on the 
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scratched sites rubbed with the back of a small spatula, 
whereby the leaves were inoculated with the Phytophthora 
infestans. After a predetermined period of time, the 
degree of the disease symptom (the size of brown lesions) 
5 in the inoculated sites was investigated. The total size 

of the brown lesions at 6 portions was used as an index 
of the disease symptom of each plant. 

The lesions were evaluated using the following 
10 numerical values. 

m 

IP 0 No lesions are found. 



1 Brown lesions with a diameter of 5 mm or less are 
found . 



m 

IS 

z?7 15 2 Brown lesions with a diameter of 5 mm to 10 mm are 



found. 

3 Brown lesions with a diameter of 10 mm to 20 mm 
are found . 

4 Brown lesions with a diameter of 20 mm or more are 
20 found. 

The results of 6 individuals of the transgenic 
tobacco which showed high resistance and the control 
tobacco are shown in Figure 15. Among the transgenic 

25 plants, those which showed high resistance to infection 
caused by Phytophthora infestans were obtained. In 
particular, 2 individuals which showed no disease symp- 
toms were found in the PSS transgenic plant . 

Thus, these plants of the present invention, which 

30 transformed with a gene encoding for antibacterial 
peptide, show resistance to bacterial and fungal patho- 
gens . 
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Various other modifications will be apparent to 
and can be readily made by those skilled in the art 
without departing from the scope and spirit of this 
invention. Accordingly, it is not intended that the 
scope of the claims appended hereto be limited to the 
description as set forth herein, but rather that the 
claims be broadly construed. 



